The tonic immobility (TI) response is an innate fear behavior associated with intensely dangerous situations, exhibited by many species of invertebrate and vertebrate animals. In humans, it is possible that TI predicts the severity of posttraumatic stress disorder symptoms. This behavioral response is initiated and sustained by the stimulation of various groups of neurons distributed in the telencephalon, diencephalon and brainstem. Previous research has found the highest Fos-IR in the posteroventral part of the medial nucleus of the amygdala (MEA) during TI behavior; however, the neurotransmission of this amygdaloid region involved in the modulation of this innate fear behavior still needs to be clarified. Considering that a major drug class used for the treatment of psychopathology is based on serotonin (5-HT) neurotransmission, we investigated the effects of serotonergic receptor activation in the MEA on the duration of TI. The results indicate that the activation of the 5HT 1A receptors or the blocking of the 5HT 2 receptors of the MEA can promote a reduction in fear and/or anxiety, consequently decreasing TI duration in guinea pigs. In contrast, blocking the 5HT 1A receptors or activating the 5HT 2 receptors in this amygdalar region increased the TI duration, suggesting an increase in fear and/or anxiety. These alterations do not appear to be due to a modification of spontaneous motor activity, which might nonspecifically affect TI duration. Thus, these results suggest a distinct role of the 5HT receptors in the MEA in innate fear modulation.
Introduction
The tonic immobility (TI) response is an innate fear behavior associated with intensely dangerous situations and is considered a last resort aimed at the survival of the animal (Klemm, 1971; Gallup, 1977) . This response, also known by "playing dead", is characterized by a temporary state of profound inactivity and a relative lack of responsiveness to external stimuli (Ratner, 1967) . Sargent and Eberhardt (1975) suggest that the emission of TI during a confrontation increases by 50% the chances of survival of a prey during a predatory attack (Thompson et al., 1981) . Furthermore, the struggle of the prey may be a positive stimulus for the predator to continue its attack. After the triggering of the IT, their duration may last from a few seconds to several minutes, even with the conclusion of physical restraint (Carli et al., 1984) . It is important to note that during TI although the animal shows a relative lack of responsiveness to the external environment, it presents continuous monitoring of the environment and a certain degree of alert (Klemm, 1971) , a fact that permit it to choose the best time for the righting reflex and flight.
In the laboratory, TI can be induced by postural inversion and the manual restriction of movement maneuvers that emphasize tactile and proprioceptive sensations. However, it is important to note that a state of intense fear is a determinant for triggering this defensive behavior (Klemm, 1971; Gallup, 1977) . This behavioral response is observed in many species of invertebrate and vertebrate animals (Klemm, 1971; Ratner, 1967) . In humans, previous studies have suggested that TI can predict the severity of posttraumatic stress disorder symptoms (Fiszman et al., 2008; Lima et al., 2010; Rocha-Rego et al., 2009) .
The defensive response of TI may be associated with a network of interneurons of the reticular formation of the brainstem, which inhibits diffuse spinal motoneurons responsible for maintaining the usual posture of the animal (Klemm, 1971) . Along with the inhibition process, the TI response is initiated and sustained by the stimulation of various groups of neurons distributed in the Contents lists available at ScienceDirect journal homepage: www.elsevier.com/locate/brainres telencephalon, diencephalon and brainstem, which in turn act in a coordinated manner to concomitantly induce activity in motoneurons of the extensor and flexor muscles (Klemm, 2001 ). Many studies have investigated the involvement of different neural structures in the TI behavior, including the amygdala (Leite-Panissi et al., 2003 , 2006 Leite-Panissi and Menescal-de-Oliveira, 2002) , periaqueductal gray matter (Vieira et al., 2011) , nucleus raphe magnus (Da Silva and Menescal-de-Oliveira, 2007) and hypothalamus (De Oliveira et al., 1997) .
The amygdala consists of a group of deep nuclei located within the temporal lobe (Sah et al., 2003) . Currently, the amygdala nuclei have been grouped into three major groups: the basolateral group, composed of the lateral, basolateral and basomedial nuclei; the centro-medial group, composed of the medial and central nuclei; and the cortical group, composed of the anterior and posterior cortical nuclei (Sah et al., 2003; McDonald, 1998) . This structure has been shown to play a critical role in the determination of the emotional significance of sensory stimuli and the modulation of fear-related defensive responses (Ledoux, 2000) . In line with this perspective, a comprehensive review reported by Davidson et al. (2002) including studies at the animal level, human lesion studies, and human brain imaging studies has suggested that the inactivation of this structure interferes with the proper expression of mood and emotions. In fact, previous functional studies have shown that predator exposure mobilizes amygdala and hypothalamic sites (Canteras, 2002; Martinez et al., 2011) . In particular, the medial nucleus of the amygdala (MEA) is closely related to the modulation of defensive behaviors due to its reciprocal connections with the hypothalamic nuclei responsible for defense behavior control (Martinez et al., 2011; Canteras et al., 1995) . This amygdaloid region may be related to predator odor, as rats exposed to cat odor shown strong activation of the MEA, particularly in the posteroventral part (Dielenberg et al., 2001) .
The neurobiology of mood disorders and related anxiety disorders has been extensively studied over the last decades to develop new strategies and effective therapeutic approaches to psychiatric diseases (Catena-Dell'Osso et al., 2013; Kormos and Gaszner, 2013 ). Accordingly, a major drug class used for the treatment of psychopathology is based on serotonin (5-hydroxytryptamine or 5-HT) neurotransmission (Hensler, 2006; Canteras and Graeff, 2014) . In fact, the ascending serotonergic system has been extensively associated with the modulation of emotions such as anxiety, fear and panic (Canteras and Graeff, 2014) . Anatomical approaches have demonstrated that there are two distinct ascending serotonergic systems. Serotonergic fibers from the dorsal raphe nucleus innervate the striatum, the amygdala and the ventral hippocampus. Conversely, in the dorsal hippocampus, serotonergic fibers come from the median raphe nucleus (Hensler, 2006) . Although many studies have provided evidence that 5-HT is involved in the control of mood and anxiety disorders, its precise function remains unclear (Homberg et al., 2014) .
The effects of 5-HT are mediated by seven distinct receptor classes. Among these receptors, 5-HT 1 , 5-HT 2 and 5-HT 3 are the most directly involved in anxiety cases (Jones and Blackburn, 2002) . In particular, the 5-HT 1A receptor has direct inhibitory effects in the prefrontal cortex, hippocampus formation and amygdala, whereas the 5-HT 2A receptor has excitatory effects. Moreover, because 5-HT 2A receptors can be found in GABAergic inhibitory interneurons, the effect of activating these receptors can be the same (Marek, 2010) . From this perspective, preliminary studies conducted in our laboratory demonstrated that microinjection into the basolateral nucleus of the amygdala (BLA) of an agonist to 5-HT 1A receptor or 5-HT 2 receptor promoted a decrease in TI behavior (Leite-Panissi et al., 2006) . Additionally, the inhibitory effect on TI behavior induced by 5-HT 2 receptor agonist was reversed by pretreatment with bicuculline, a GABA A receptor antagonist (Donatti and Leite-Panissi, 2009 ). In fact, a functional study using immunohistochemical techniques has observed Fos-IR in the anterior part of the basolateral and lateral amygdala after TI. However, although the highest Fos-IR was observed in the posteroventral part of the medial nucleus of the amygdala during TI behavior (Leite-Panissi et al., 2012) , the neurotransmission of this amygdaloid region involved in the modulation of this innate fear behavior needs to be clarified. Based on the findings described, this study was designed to investigate the effects of serotonergic receptor activation in the MEA on the duration of TI. To this end, we investigated whether microinjections of 8-hydroxy-dipropyl-aminotretalin (8-OH-DPAT, 5HT 1A receptor agonist), WAY-100635 (5HT 1A receptor antagonist), α-methyl-5-HT (5HT 2 receptor agonist), or ketanserin (5HT 2 receptor antagonist) into the MEA of guinea pigs could alter TI duration. Regarding the 5-HT 1A receptor, in group 1, which received the 5-HT 1A receptor agonist 8-OH-DPAT at the dose of 0.1 mg, repeated measures ANOVA revealed a significant difference between treatments (F 7, 39 ¼16.44, P o0.001). Tukey's post hoc test showed a significant difference (P o0.05) between 8-OH-DPAT at the dose of 0.1 mg compared with the Control, Sham, Saline and 8-OH-DPAT 0.01 mg groups. However, no difference was found among the Control, Sham, Saline and 8-OH-DPAT 0.01 mg groups ( Fig. 1(A) ). In group 2, which received treatment with the 5-HT 1A receptor antagonist WAY-100635, repeated measures ANOVA showed a significant difference between treatments (F 7, 39 ¼11.88, P o0.001).
Results

Microinjection
Tukey's post hoc test revealed a significant difference (P o0.05) in comparing WAY-100635 at a dose of 0.1 mg to Control, Sham, Saline and WAY-100635 at a dose of 0.01 mg. No differences were observed among Control, Sham, Saline and WAY-100635 at a dose of 0.01 mg ( Fig. 1(B) ). In group 3, repeated measures ANOVA reveled differences among the treatments (F 6,24 ¼7.32, Po0.001, Fig. 2 ). Tukey's post hoc test showed a significant difference (Po0.05) between α-methyl-5-HT at a dose of 0.1 mg and Control, Sham, Saline and α-methyl-5-HT at a dose of 0.01 mg. However, the Control, Sham, Saline and 5-HT 0.01 mg treatments did not differ among each other. In group 4, repeated measures ANOVA revealed a significant difference among treatments (F 6,34 ¼ 7.14, Po0.001, Fig. 2(B) ). Tukey's post hoc test demonstrated a significant difference (Po0.05) upon comparing Ketanserin at a dose of 0.1 mg to Control, Sham, Saline and Ketanserin at a dose of 0.01 mg. However, no difference was found within Control, Sham, Saline and Ketanserin at a dose of 0.01 mg. The microinjection sites of the drugs into the MEA for all experimental groups are illustrated in Fig. 4 , as well as nearby sites where drugs had no effect.
Discussion
These results indicate that activation of the 5HT 1A receptors or the blocking of the 5HT 2 receptors of the MEA can promote a reduction in fear and/or anxiety, consequently decreasing TI duration in guinea pigs (Figs. 1(A) and 2(B)). In contrast, blocking of the 5HT 1A receptors or the activation of the 5HT 2 receptors in this amygdalar region increased the TI duration, suggesting an increase in fear and/or anxiety. Thus, these results suggest a distinct role of the 5HT receptors in the MEA on innate fear modulation.
In line with this view, 5-HT 1A receptor activation by the microinjection of 8-OH-DPAT into the basolateral amygdala promoted anxiolytic-and antipanic-like effects, as assessed by an elevated T-maze in rats (Strauss et al., 2013) . Gonzalez et al. (1996) have shown that the administration of 8-OH-DPAT into the basolateral amygdaloid nucleus promotes emotional changes in social interaction testing but not in the elevated plus-maze test. Taken together, these results support the anxiolytic-like effect of the 5-HT 1A receptor activation. The present data corroborate these findings, as the microinjection of 8-OH-DPAT into the MEA decreased TI duration, an innate fear behavior.
According to Freedman and Shi (2001) , the extended amygdala, which comprises the central and medial amygdaloid nuclei, bed nucleus of stria terminalis and sublenticular substantia innominate, plays a crucial role in the modulation of affective disorders. Moreover, a very high density of serotonergic processes is identified in the posterior region of the MEA (Steinbusch, 1981) . Taken together, these findings support the present data showing the participation of 5-HT receptors into the MEA in innate fear.
Anatomical studies (Molliver, 1987; Freedman and Shi, 2001 ) have demonstrated that the serotonergic innervation of MEA arises from the dorsal raphe, predominantly a type of fine fiber with fusiform or pleomorphic varicosities (Sadikot and Parent, 1990) . Furthermore, the serotonergic neurons of the dorsal raphe nucleus have classical properties, i.e., slow rhythmic activity in spontaneously active cells (Hensler, 2006) , suggesting tonic serotonergic activity in the MEA. Our results corroborate these anatomical and electrophysiological studies (Beck et al., 2004; Sadikot and Parent, 1990) , as the administration of 5-HT 1A or 5-HT 2 antagonist receptors into the MEA altered the TI response in guinea pigs. Moreover, the MEA exhibits a prominence of serotonin transporter-immunoreactivity versus serotonin-immunoreactivity, which might suggest that serotonin neurotransmission in this amygdaloid nucleus acts as a classical transmitter (Freedman and Shi, 2001 ). In fact, Hensler (2006) has suggested that the serotonergic neurons arising from the dorsal raphe nucleus could be the therapeutic target for drugs that block serotonin reuptake. Moreover, a previous clinical study has demonstrated that treatment with buspirone (a partial 5-HT 1A receptor agonist) is effective for generalized anxiety disorders (Jones and Blackburn, 2002) . Thus, we can hypothesize that 5-HT receptors in the MEA may be among the therapeutic targets responsible for the effectiveness of 5-HT 1A receptor agonist and 5-HT 2 receptor antagonist in the treatment of anxiety disorders, as the decreased TI duration upon the microinjection of 8-OH-DPAT (5-HT 1A receptor agonist) or ketanserin (5-HT 2 receptor antagonist) may be due to a reduction in fear and/or anxiety. It is important to note that 8-OH-DPAT can also bind to 5-HT 7 receptors (Hedlund et al., 2004) and ketanserin can bind to other receptors such as 5-HT 2C and histamine type-1 receptors (Kristiansen and Dahl, 1996; Wouters et al., 1985) . So, since the 5-HT 7 receptors (Gustafson et al., 1996) as well 5-HT 2C and histamine type-1 receptors (Pompeiano et al., 1994; Ryu et al., 1995) seems to be found in the amygdala it is not possible to exclude the activation of the these receptors on MEA due 8-OH-DPAT and ketanserin microinjections. However, previous studies have showed that pre-treatment into the BLA with ketanserin blocked the effect of α-methyl-5-HT on TI duration (Leite-Panissi et al., 2006) . Futhermore, microinjection of the 8-OH-DPAT into the dorsal raphe nucleus decreased TI duration, whose effect was blocked by the previous injection of the WAY-100635 (Ferreira and Menescal-de-Oliveira, 2009 ). Taken together, these data support a distinct role of the serotonin receptors in the emotional response, in particular, in innate fear modulation. Nevertheless, the tonic immobility response is an innate fear behavior that seems to be highly influenced by the cerebral levels of 5-HT (Wallnau and Gallup, 1977) .
Regarding the role of MEA in the modulation of emotional behavior, previous reports have established that this amygdaloid region is essential for the exhibition of innate fear behavior in rodents (Li et al., 2004; Martinez et al., 2011; Dielenberg et al., 2001 ). In particular, exposure to cat odor promoted a high density of Fos-IR cells in the medial amygdaloid nucleus (Dielenberg et al., 2001) , and the cytotoxic lesion of this region reduced the expression of unconditioned fear response to a predator or its odor (Li et al., 2004; Martinez et al., 2011) . However, although it has been established that the MEA is integrated to medial hypothalamic circuits responsible for processing and integrating predatorrelated cues (Canteras, 2002) , the involvement of the 5-HT receptors in the MEA in the modulation of emotional responses still needs to be clarified.
Neurochemical studies have demonstrated high expression of 5-HT receptors in the forebrain limbic structures, including in the amygdaloid nucleus. In particular, the 5-HT 1A receptor is located postsynaptically to the serotonergic neurons and inhibits the neuronal firing of postsynaptic neurons; in contrast, the 5-HT 2 receptor is also postsynaptically located but has excitatory effects. Thus, it is possible to suggest that the 5-HT 1A receptor activation in the MEA promoted the inhibition of efferent neurons, reducing the hypothalamic circuit activation responsible for unconditioned behavioral responses, which in turn decrease the TI response in guinea pigs. However, the 5-HT 2 receptor activation in the MEA promoted excitatory effects resulting in an increase in TI behavior, most likely increasing the predator-responsive hypothalamic circuit activation (Canteras and Graeff, 2014) .
It is important to note that amygdaloid 5-HT 2A receptor promotes distinct effects on emotional behavior modulation according to different anxiety models. Thus, amygdaloid treatment with methysergide (5-HT 2 receptor antagonist) reduces the anxiolytic effect in the conflict test (Hodges et al., 1987) and produces an anxiogenic profile in an elevated plus-maze (Zangrossi and Graeff, 1994) . In contrast, the activation of 5-HT 2A receptor by the microinjection of α-methyl-5-HT into the basolateral amygdaloid nucleus reduces TI duration in guinea pigs, possibly due to a decrease in innate fear and/or anxiety (Leite-Panissi et al., 2006). In this study, the activation of 5-HT 2A receptor in the MEA promoted an increase in TI duration, most likely due to an anxiogenic-like effect, while the blocking of this 5-HT receptor by the microinjection of ketanserin reduced this innate behavior. It is possible that these distinct effects might be related to different behavioral tests (conflict or social interaction test, elevated plus-maze and tonic immobility response) as well the amygdaloid nucleus activation (entire amygdala, basolateral/medial, basolateral and medial amygdaloid nuclei). Thus, whereas the lateral, basal and accessory basal amygdaloid nuclei receive inputs from extraamygdaloid areas and project mainly to intra-amygdaloid regions, the central and medial amygdaloid nuclei act as output stations (Bombardi, 2014) . In addition, the medial nucleus of the amygdala contains 5-HT 2A receptor immunoreactivity (IR) on principal neurons with ovoid cell bodies (Bombardi, 2011) . Since the cell types in the MEA are not cortex-like as in the other superficial nuclei, 5-HT 2A receptor IR pyramidal and non-pyramidal neurons are not present in this nucleus (McDonald and Mascagni, 2007; Sah et al., 2003) . In the other hand, in the basolateral amygdaloid nucleus, the 5-HT 2A receptor is located on both pyramidal and GABAergic interneurons (McDonald and Mascagni, 2007) . Therefore, the possible explanation for the distinct results of the 5-HT 2 receptors activation into BLA and MEA can be based on the different cellular anatomy of these nuclei. Since the MEA 5-HT 2 receptors can be located in projection neurons (Bombardi, 2011) , the BLA 5-HT 2 receptors can be found in the GABAergic interneurons and can promote opposite effect.
Similarly to our findings, a previous report has demonstrated that the activation of 5-HT 2 receptors within the dorsal raphe nucleus by α-methyl-5-HT increases TI duration, an effect that was reversed by pretreatment with the 5-HT 2 receptor antagonist ketanserin (Ferreira and Menescal-de-Oliveira, 2009 ). Thus, although 5-HT 2 receptors are clearly involved in regulating the activity of intra-amygdalar circuits and their projections, the exact role of these serotonergic receptors in emotional modulation remains to be clarified.
In summary, we have shown that activating 5HT 1A receptors or blocking 5HT 2 receptors in the MEA promoted a reduction in innate fear, consequently decreasing TI duration in guinea pigs. In contrast, blocking of the 5HT 1A receptors or activation of the 5HT 2 receptors in this amygdalar region increased the TI duration, which may suggest an increase in fear and/or anxiety. Thus, these results reinforce the evidence that 5HT plays a distinct role in emotional modulation, including, according to these findings, the 5-HT receptors in the MEA.
Experimental procedure
Animals
Adult male guinea pigs (Cavia porcellus, from the University of São Paulo, Campus of Ribeirão Preto, Brazil) weighing 400-500 g (n ¼71) were kept in Plexiglas wall cages (5 cm Â 17 cm Â 39 cm, five guinea pigs per cage) in a room maintained at 2471°C, on a 12 h light cycle, with free access to water and food throughout the experimental period. The experiments were carried out in compliance with the recommendations of SBCAL (Sociedade Brasileira de Ciência em Animais de Laboratório) and with the approval of the Animal Care and Use Committee of the University of São Paulo-Brazil, Campus of Ribeirão Preto (Protocol number 2013.113.725.85). All efforts were made to minimize animal suffering.
Tonic immobility recording
Each guinea pig was submitted to five control maneuvers of TI induction and the duration of the episodes was recorded. TI induction was attempted by holding the guinea pig around the thorax with the hands, quickly inverting it and pressing down into a shaped plywood trough (25 cm long Â 15 cm high). The pressure applied by the hands of the experimenter was proportional to resistance offered by the guinea pig to the restraining maneuver. When the guinea pig stopped moving, the experimenter slowly withdrew his hand and a chronometer was activated to measure the duration (in seconds) of the response, which ended when the guinea pig resumed the upright position. If the guinea pig did not become motionless within 60 s, the episode was recorded as having zero duration. For group analysis, the mean of each guinea pig's five episodes was considered.
Surgical procedures
One day after the control TI episode, the guinea pigs were anesthetized by intramuscular injection of ketamine (100 mg/kg) plus xylazine (14 mg/kg) and placed in a stereotaxic apparatus (David-Kopf Instruments, USA) with the buccal piece 21.4 mm below the interauricular line. One stainless-steel guide cannula (14 mm in length and 0.6 mm in outer diameter, prepared from a hypodermic needle) was implanted into the left hemisphere toward the medial nucleus of the amygdala (MEA). Unilateral injections into the MEA were choice based on previous studies that performed similar unilateral procedure (Harris and Westbrook, 1995; Pavlovic and Bodnar, 1998) . Furthermore, when only one of the amygdala is active there is no motor impairment or asymmetry affecting the normal locomotor activity of the animals (ColemanMesches and McGaugh, 1995) . The choice of the left side was based in previous studies (Donatti and Leite-Panissi, 2009; LeitePanissi et al., 2006; Leite-Panissi and Menescal-de-Oliveira, 2002) .
According to the Rössner atlas (Rössner, 1965) for guinea pigs, the stereotaxic coordinates for the placement of the guide cannula implanted toward the MEA were 3.4 mm caudal to the bregma; 5.6 mm lateral to the midline, and 9.0 mm below the cortical surface. The guide cannula was lowered to a depth of 1 mm above the target regions and fixed to the skull by means of self-polymerizing resin and an additional anchoring screw. At the end of surgery, each guide cannula was sealed with a stainless-steel wire to protect it from obstruction. In addition, the guinea pigs received a subcutaneous injection of the antiinflammatory and analgesic Banamine (Schering-Plought, flunixin meglumine, 2.5 mg/kg, 10 mg/mL, 0.2 mL). Afterward, the guinea pigs were allowed a period of six days to recover from the surgical procedure.
Experimental groups of tonic immobility
After recovery from surgery, the guinea pigs were submitted to a TI session without drug administration for postoperative control (Sham) and next day TI session with administration of 0.9% saline. Then, the animals were divided into four experimental groups to evaluate the effects of the drugs. In group 1 (n¼ 8), the guinea pigs were treated with an agonist of receptors 5HT 1A , 8-OH-DPAT at doses of 0.01 mg and 0.1 mg for two consecutive days. In group 2 (n¼ 8) the guinea pigs received the administration of 5HT 1A receptor antagonist, WAY-100635 at the doses 0.01 mg and 0.1 mg for two consecutive days. In group 3 (n ¼8), the guinea pigs were treated with 5HT 2 receptor agonist, α-methyl-5-HT at the doses 0.01 mg and 0.1 mg for two consecutive days. In group 4 (n¼ 7) the guinea pigs received the 5HT 2 receptor antagonist, ketanserin at the doses 0.01 mg and 0.1 mg for two consecutive days. All drugs were administrated in a volume of 0.2 mL, and the doses were administered randomly. The TI experimental sessions were performed immediately after each treatment.
To evaluate the spatial specificity of the effect of the drugs on TI episodes, the drugs were microinjected around the nucleus studied (n¼ 8).
Motor activity
To exclude the possibility that the drugs used (8-OH-DPAT, WAY-100635, α-methyl-5-HT and ketanserin) reduced TI nonspecifically by increasing or decreasing spontaneous activity, motor activity was measured 5 min after each treatment. Five groups with unilateral cannula toward the basolateral nucleus of the amygdala were used in order to rule such possibility. After recovering from surgery, the guinea pigs were microinjected with 0.9% saline (n¼ 6), 8-OH-DPAT 0.1 mg (n¼5), WAY-100635 0.1 mg (n ¼5), α-methyl-5-HT 0.1 mg (n¼8) or ketanserin 0.1 mg (n¼8), and the open-field test was performed. The test was performed in a polyethylene box (60 cm Â 60 cm Â 60 cm) with the floor divided into 16 equal squares of 15 cm each. Immediately after the treatment, the guinea pig was placed in the center of the box and locomotor activity was evaluated by direct observation of the numbers of squares crossed per minute during 5 min period.
Drugs and microinjection procedure
The drugs used, 8-OH-DPAT, α-methyl-5-HT, WAY-100635 and ketanserin, were obtained from Sigma (St. Louis, MO, USA). The solutions were freshly dissolved in 0.9% saline. The doses used were based on previous studies (Leite-Panissi et al., 2006; Donatti and Leite-Panissi, 2009 ). The microinjections were performed with Hamilton microsyringe (10 mL) connected to a PE-10 polyethylene catheter, which in turn was coupled to a thin dental needle (0.3 mm O.D.; 0.1 mm longer than the guide cannula). The microinjections were realized on consecutive days. A volume of 0.2 mL was microinjected over a period of 1 min and the needle was left in place for an additional 40 s to avoid reflux.
Histological verification
After the end of the experiments, the guinea pigs were given a lethal dose of chloral hydrate (500 mg/kg, i.p.) and intracardially perfused with saline followed by 10% formalin. The brains were removed and fixed in 10% formalin. The material was then submitted to routine histological processing and sections were observed under a microscope to determine the locations of the stimulated sites according to Rössner atlas (Rössner, 1965) . Only the guinea pigs whose microinjections reached the target structure were used for data analysis.
Statistical analysis
Data of TI behavior are reported as the means 7standard error of the means (SEM) of the mean duration of five episodes of TI. Due to variability and skewness in the TI duration, a crucial factor to successful of this behavioral response in order to the predator did not learn an exact duration of this defensive resource; a natural logarithmic transformation was performed on all duration scores prior to statistical analysis. The results of locomotor activity are reported as the means 7SEM of the number of squares crossed during the 5-min period in the open-field test. The data were analyzed by a repeated measures analysis of variance (ANOVA). The degree of freedom of the repeated measure (treatment) was corrected by Huynh-Feldt ε parameter. The difference between the treatments were determined by post hoc test Tukey, with the level of significance set at P o0.05.
